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ABSTRACT
Advances in ultrasound (US) and mag -
netic resonance imaging (MRI) techni -
ques have provided new methods for
eva l u ating early rheumatoid art h ri t i s
(RA). Their diagnostic pro p e rties in
terms of detecting primary pathology
of RA (i.e., erosions, bone changes, sy -
novitis, tenosynovitis, and effusion) are
reviewed. High-resolution US plays a
significant role in therapeutic and di-
agnostic procedures. MRI also assists
in the understanding of RA pathogene -
sis and joint mechanics.

Introduction
The rationale for early diagnosis and
the recent availability of new, expen-
sive targeted therapies, particularly for
patients with rheumatoid arthritis (RA),
have driven the need for sensitive imag-
ing techniques that can be used not
only to accurately diagnose the disease
and provide prognostic information but
also to monitor the effi c a cy of new thera-
pies (1). Technological advances and
the increasing availability of new imag-
ing techniques, such as high-resolution
u l t rasound (US) (2-7) and mag n e t i c
resonance imaging (MRI) (1, 8 - 1 0 ) ,h ave
provided exciting new possibilities for
the assessment of early RA (11, 12).

ULTRASONOGRAPHY
The role of ultrasonography in the ma-
nagement of patients with early RA is
discussed with rega rd to diag n o s t i c
properties,assessment of treatment res-
ponses and future developments. How-
ever, much of the literature relates to
patients with established RA.

US: Diagnostic properties
Detection of bone erosions (Fig. 1)
Alassarela et al. (13) compared con-
ventional ra d i ograph (CR), MRI and
c o m p u t e rised tomograp hy (CT) with
US in a pre l i m i n a ry study assessing
e rosions of the humeral head in pat i e n t s
with RA. They found that MRI, CT and

US were all more sensitive than CR,
with MRI and US superior to CT in
detecting small erosions. Backhaus et
al. (14) compared CR, MRI, scintigra-
phy and US in the finger joints (wrists,
m e t a c a rp o p h a l a n geal (MCP) joints,
proximal interphalangeal (PIP) joints)
of 60 inflammatory arthritis patients,
36 of whom had RA and did not
demonstrate a superiority of US over
CR, a finding which may possibly re-
flect the analogue technology used (15)
or the assessment of the wrists and PIP
joints wh i ch may also have dege n e-
rat ive ch a n ge s , making interp re t at i o n
of bone damage difficult sometimes. A
recent published 2 year follow up study
of these patients, however, did show a
benefit of US over CR (16).
A study by Wakefield et al. (17) com-
pared US and conventional postero-an-
terior (PA) radiography for the detec-
tion of erosions of the MCPJ of 100 pa-
tients with RA (40% had disease dura-
tion of < 12 months). The study found
that US was a reproducible technique
and detected 3.5 times as many ero-
sions as ra d i ograp hy; this diffe re n c e
was even greater in those with early di-
sease. The superiority of US over CR is
explained by the multi-planar capabili-
ty of US and the fact that US can detect
smaller erosions. This latter point may
be particularly important in early RA.
To help evaluate the pathology of these
additional US erosions, MRI was used
to assess the radial aspect of the 2nd
MCP heads in 25 patients with early di-
s e a s e. One ra d i ographic erosion wa s
seen which corresponded exactly with
both US and MRI lesions. All 10 MRI
erosions corresponded exactly with an
US erosion. Interestingly US detected 3
additional erosions. These findings can
be explained by the superior spatial re-
solution of US compared to MRI and
the potential voluming effect of MRI.
This finding has been confirmed by a
m o re recent study by A l a rcon et al.
(18). The superiority of US to detect
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smaller erosions has also been des-
cribed by Grassi et al. (19) in the hands
and Klocke et al. (20) in the feet. Both
also highlight the lateral aspect of the
5th MTP joint as a target in RA. In a re-
cent study of 47 patients with RA,Wei-
dekamm et al. (21) found twice as
m a ny erosions in the wri s t s , M C P
joints and PIP joints by US as CR. The
authors did not comment on how many
patients had early disease.
In our own early arthritis clinic, US has
not replaced radiography for the asses-
sment of ear ly bone damage. It is used
instead as a complementary tool for as-
sessing those patients at high risk of an
inflammatory arthritis in whom radio-
graphs are normal or for re-examining
indeterminate lesions detected on ra-
diography (22). 

Detection of synovitis/tenosynovitis
(Fig. 2)
Many studies have highlighted the abil-
ity of US to detect early synovial dis-
ease in both large and small joints and
its superi o rity over clinical ex a m i n a-
tion (14, 23, 24). An increasing number
of these had attempted to validate US
against arthroscopy, MRI and scintigra-
phy. An early study by Van Holsbeeck
et al. (25) compared clinical assessment
with therm ograp hy and US for the
assessment of knee synovitis and joint
fluid in patients with RA, pre and post
intra-articular joint injection with cor-
ticosteroid. They found that the volume
of synovial fluid as assessed by US cor-
re l ated well with the clinical assess-
ment although it was 3 months before
the synovial fluid demonstrated any
significant reduction in volume. Back-

haus et al. (14), in a study of 60 pat i e n t s
with infl a m m at o ry art h ri t i s , fo u n d more
synovitis in the joints of the hand and
wrist with US when compared to radi-
ography and clinical examination and it
was comparable with MRI. 
While most studies have employed a
grey scale, more recently power Dop-
pler (PD) has become increasingly po-
pular with the advantage of being able
to assess synovial vascularity. Valida-
tion of PD has been assessed by com-
parison with histopathology in the knee
in RA and OA (26, 27) and dynamic
MRI in the MCP joints in RA (28) with
encouraging results. PD has also been
successfully used to assess inflamma-
tory disease activity in RA (29, 30) and
monitor response to treatment (31,32). 
The sensitivity of PD may be further
enhanced by intra-vascular microbub-
ble contrast agents wh i ch raise the inten-
sity of weak signals to a detectabl e
level (33, 34). Magarelli et al. (35) in a
study of 40 patients with inflammatory
arthritis showed that the use of echo-
contrast agents resulted in an increase
in the Doppler signal intensity in joints
with a previously low signal, together
with an increased number of joints
demonstrating PD flow, which previ-
ously had no signal. They also demon-
s t rated concordance with contra s t
enhanced MRI in all cases. Other stud-
ies have reported a similar increase in
the detection rate of Doppler signal
flow using this technique. Interestingly,

(a) (b)
Fig. 1. Erosion (arrow) visible at the metacarpophalangeal joint of a patient with early rheumatoid arthritis in longitudinal (a) and transverse (b) views.

Fig. 2. Synovial hypertrophy
(arrow heads) is demonstrat-
ed in the wrist joint of a patient
with early RA. R: radius; C:
capitate; L: lunate.
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a published paper by Szkudlerek et al .
(36) comparing PD and contra s t -
enhanced PD US suggests that PD is
reliable for the assessment of synovitis
in MCP joints of patients with RA;
intravenous contrast agents only pro-
vided additional information in select-
ed cases and did not increase the over-
all sensitivity of the method.
A further use of US and MRI in the de-
tection of synovitis has been highlight-
ed by Brown et al. (37). In their study
of patients with RA in clinical remis-
sion as defined by the ACR cri t e ri a
(38), almost half the patients had signs
of sub-clinical synovitis in joints not
thought to have any clinical synovitis.
Another group of inve s t i gat o rs (39)
have used PD to assess the prognosis of
early RA patients receiving anti-TNF
therapy. They concluded that the power
Doppler signal predicted the future risk
of developing erosive disease.
US has also been used to detect tendon
disease in RA. Grassi et al. (40) des-
c ribed the spectrum of pat h o l ogi c a l
features seen in 20 patients with RA,
including widening of the flexor tendon
sheath, loss of the normal fibrillar ar-
ch i t e c t u re, t e a rs and synovial cy s t s .
Swen et al. (41) assessed the value of
both US and MRI for the detection of
partial tears of the extensor tendons of
the hand in 21 patients with RA. They
concluded that neither had the required
sensitivity for routine use when surgery
was used as the gold standard.

Detection of extent of disease
In a recent study of 80 patients with oli-
goarthritis (42), two-thirds of the pa-
tients had sub-clinical synovitis detect-
ed on US and one-third could be reclas-
sified as having a polyarticular disease.
Among the 12 patients who were rheu-
matoid factor positive at baseline, 83%
had evidence of sub-clinical synovitis
on US imaging. Of note, only 9% (1/12
patients) fulfilled the ACR criteria for
RA at baseline, but the addition of US
findings (synovitis and erosions) in-
creased this percentage to 50% (6/12).
This finding demonstrates a potential
role for US in assisting in the early dia-
gnosis of RA and highlights an advan-
tage over MRI (i.e., the ability to scan
several joints at one time point).

US: Diagnostic and therapeutic 
procedures
US guided joint aspirations are fre-
quently performed to evaluate for the
presence of infection or crystal disease
(43) to assist in clarifying the diagno-
sis. The majority of joints can be aspi-
rated under direct visualisation of the
needle. The hip is the most common
joint re q u i ring US-guided aspirat i o n .
On occasion US-guided hip aspiration
can be difficult in the adult, as lower
frequency (3-5 MHz) transducers are
required to achieve the beam penetra-
tion necessary to visualise the hip, re-
sulting in poorer image quality. 
D i agnostic and therapeutic aspira-
tions/injections are of value in the as-
sessment of both joint disease and soft-
tissue lesions. Diagnostic injections are
those performed into or around a struc-
ture where local anaesthetic is instilled
to determine whether the patient’s sym-
ptoms arise from that area. Two publi-
shed studies showed ex t re m e ly poor
a c c u ra cy of joint injections without
imaging guidance and reported an ac-
curacy of 42% to 51% for large joint
injection and only 29% for subacromial
bursal injections (44, 45). For these in-
jections to be of reliable diagnostic and
therapeutic value, the exact site of in-
jection must be known. US can and
should help cl a rify this situation by
both delineating the abnormality pre-
sent and recording the site of injection.
US allows the operator to dynamically
image the needle placement and the di-
stribution of any injection performed
(46, 47).
As the value of the macroscopic appea-
rance of arthroscopic synovitis in the
management of early RA remains un-
certain, US may have a role to play in
guided biopsies in an outpatient setting
(48) and several centres are currently
exploring its feasibility and value.

US: Future developments
Technological advances in US are con-
tinually improving image quality and
contrast between tissues. Good inter-
observer correlation has also been re-
cently demonstrated in a paper study-
ing the detection of synovitis and bone
erosions using a semiquantitative scor-
ing system for effusion, synovial thick-

ening, erosion and power Doppler sig-
nal (49). With respect to RA,identifica-
tion of patients with a poor prognosis at
p re s e n t at i o n , d i ffe re n t i ation betwe e n
inactive fibrotic joint tissue from pan-
nus and quantification of synovitis will
all be important areas of investigation.
PD is likely to play an important part in
these respects. A dd i t i o n a l ly, c o n t ra s t
agents may become the equivalent of
gadolinium in MRI, allowing the deve-
lopment of transit time curves, bolus
arrival times, time to maximum intensi-
t y, a rea under the curve, and wa s h
in/wash out characteristics which may
further improve the characterization of
i n fl a m m ation. Micro bu bbl e - s p e c i fi c
i m aging modes such as harm o n i c
imaging, extended field of view, and
transmission US, as well as 3D and 4D
US, offer other exciting possibilities for
the future.

MAGNETIC RESONANCE 
IMAGING
Like US, interest in the use of MRI in
rheumatology has grown dramatically
over the last decade, in part due to the
superior imaging of MRI but also to in-
creased access to MRI scanners. The
application of MRI in relation to early
RA will be rev i ewed with special
emphasis on its use in understanding
the pathogenesis, diagnosis and moni-
toring response to therapy.

Definitions of MRI pathology in
early RA
As a result of differences in MRI tech-
nologies, there have been differences in
definitions for the common MRI RA
ab n o rmalities (e. g. , bone ero s i o n s ,
bone oedema, synovitis and tenosyno-
vitis). This makes comparison between
studies rather difficult. In the last few
ye a rs , the Outcome Measurement in
Rheumatology Clinical Trials (OMER-
ACT) intern ational consensus gro u p
has focused on this issue and provided
recommendations for standard defini-
tions (50). These definitions were re-
c e n t ly re fined and are presented in
Table I (51). It is wo rth considering these
d e finitions when interp reting MRI
studies and in the discussions below. 
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MRI comparisons with other 
imaging modalities
The earliest studies using MRI in RA
examined the sensitivity of MRI in de-
tecting the typical RA pat h o l ogy.
Issues of face content and construct va-
lidity have been addressed by compari-
son with both clinical examination and
other modalities of imaging. Over the
last few years, these comparison publi-
cations have included some longitudi-
nal evaluations of MRI abnormalities.

Erosions
A key issue in the use of MRI concerns
the relationship between MRI erosions
and CR erosions. It is important to con-
sider that MRI visualises protons, not
calcified cortex as in CR. The particu-
lar bone abnormality seen on MRI will
depend on the acquired sequences and
bone oedema can complicate the read-
er’s assessment. Wakefield et al. have
demonstrated that T1 weighted lesions
with loss of trabecular bone correlate
100% with sonograp h i c - d e t e rm i n e d
cortical breaks in the 2nd MCP joints
of RA patients, where US has its best
access (17). Furthermore, these lesions
seem to be specific for RA: a cross-sec-
tional comparison showed they are
ve ry infrequent in normal contro l s
compared with RA patients (52) and, in
a one-year longitudinal study of RA
and early uncl a s s i fied polya rt h ri t i s ,
MRI erosions were only found in pa-
tients with baseline RA or patients ful-
filling the ACR RA criteria at one year
(53). In a study of wrists from 42 early
RA patients fo l l owed over 2 ye a rs ,
McQueen et al. demonstrated that MRI
erosions predicted the presence of CR
erosions at 1 and 2 years, but only 1 in
4 erosions became CR evident over a
year (54). It is of course likely that CR

will never detect all MR erosions due
to its lack of tomography. In a study
comparing extremity MRI (E-MRI) of
the 2nd to 5th MCP joints of 25 early
RA patients with CR (55), E-MRI de-
tected 9.5 times more erosions. 

Synovitis
S y n ovitis is pro b ably best image d
using the paramagnetic contrast agent
gadolimium (Gd-DTPA) in MRI and
c o m p a ring pre- and post-ga d o l i n i u m
films. Gadolinium-enhanced synov i a l
tissue has been positive ly corre l at e d
with macroscopic and micro s c o p i c
(cellular infi l t rat e s , fi b rin dep o s i t i o n ,
vascular proliferation) changes of in-
flammation in the knees of RA patients
(56, 57). Recently, gadolinium-enhanc-
ed synovitis has also been stro n g ly
c o rre l ated with mini-art h roscopic sy-
novial scores in RA MCP joints (58). A
p re l i m i n a ry rep o rt has demonstrat e d
the advantages of gadolinium-contain-
ing over certain non-gadolinium se-
quences in the detection of synovitis in
the wrists and MCP joints (59). How-
ever, moderate inter-reader agreement
was still achieved and the use of ga-
dolinium must be considered in the
context of feasibility.
The quantification of synovitis may be
s e m i - q u a n t i t at ive or quantitat ive. Th e
semi-quantitative scoring methods for
wrist and MCP joints are suggested in
Table I (51). Conaghan et al. showed
that semi-quantitative quantification of
s y n ovitis corre l ated well with more
c o m p l ex automated methods (60).
Quantitative estimation may be:
(a) Volumetric, using manual outlining

on post-gadolinium scans or semi-
automatic using subtraction of pre-
and post-gadolinium scans and em-
ploying thresholds (61). The manu-

al volume methods are probably the
nearest to a “gold” standard but la-
borious and time consuming.

(b) Acquired using Dynamic Enhanced
MRI (DEMRI), which utilises post
contrast analysis to determine phar-
m a c o dynamic (maximal enhance-
ment, initial rate of enhancement)
(62) and even pharmacokinetic (63)
parameters.

With respect to detecting synovitis, a
growing number of studies have de-
monstrated the improved sensitivity of
MRI over clinical examination in early
(64) RA. Goupille et al. reported MRI
examination of 12 active RA patients
who had wrists, MCP and PIP joints
scanned (65). The clinical swollen joint
count was 59 whereas MRI detected
synovitis in 162 joints. This sensitivity
is similar to our data on MCP joints
alone in early disease (21) and more re-
cently in patients in clinical remission
(37). Goupille et al. also demonstrated
significant associations between MRI
synovitis and the swollen joint count,
Ritchie Index, the disease activity score
and early morning stiffness. E-MRI has
also been demonstrated to be more sen-
s i t ive than clinical ex a m i n ation in a
s t u dy of over 100 MCP joints and
showed synovial thickening in 51% of
the clinically inactive joints (54). 

Tendons
Flexor and extensor tenosynovitis is an
important contributor to hand and feet
problems in RA. This area of RA pa-
thology has been less well studied than
e rosions and synovitis. Both cl i n i c a l
and MRI definitions of tenosynovitis
are problematic. However, Hug et al.
rep o rted a study of 11 RA pat i e n t s
using fat-suppressed MRI images at the
MCP level and defining flexor tenosyn-
ovitis as a rim of high signal intensity
around the tendon (66). They demon-
strated a high frequency of tenosynovi-
tis. A recent study of wrist tendons
from 43 established RA patients (with
active disease and no clinical tendon
tears) and 12 healthy controls focused
on both the intra-tendon signal and ten-
don sheath thickness (67). Over one
half of the wrist tendons in the RA
group had evidence of increased sheath
thickness (presumed tenosynovitis) and

Table I. Definition of MRI pathological lesions in rheumatoid arthritis (51).

MRI pathology Definition

Synovitis An area in the synovial compartment with above normal post-gadolinium 
enhancement and thickness greater than the normal synovium

Bone erosion A sharply marginated lesion with correct juxta-articular location and typical 
signal changes, with visibility in 2 planes and cortical break in at least one 
plane

Bone oedema A lesion within the trabecular bone with ill-defined margins and signal char
acteristics of increased water content.
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o n ly 46% had normal tendons. Th e
greatest abnormalities were seen in the
dorsal and ulnar tendon sheaths. Anoth-
er study of MCP and PIP joints in early
RA demonstrated a high frequency of
MRI tenosynovitis (68).

MRI in understanding RA 
pathogenesis
One of the major insights derived from
MRI for the pathogenesis of inflamma-
tory arthritis has come out of studies by
M c G o n agle et al. suggesting 2 sub-
groups of patients: a primarily intra-sy-
novial group (RA) and an entheseal-
based group (for example the spondy-
loarthropathies and polymyalgia rheu-
m atica) (68-70). Import a n t ly, f u rt h e r
insights into RA pat h ogenesis have
now been gained from the use of MRI.

Synovitis and bone damage
For many years, there was confusion
about the relationship between synovi-
tis and bone erosions, as CR studies
had demonstrated the progression of
erosion despite apparent clinical con-
trol of inflammation (71, 72) and the
dampening of the erosion progression
even though there was little change in
clinical synovitis (73). Later studies de-
monstrated that effective disease sup-
pression did reduce bony damage (74,
75) and a CR study examining tender
and swollen hand joints in early RA pa-
tients demonstrated a close relationship
between these clinical surrogates and
bone erosion progression (76). Studies
employing MRI have been able to visu-
alise more cl o s e ly this re l at i o n s h i p .
Preliminary information on the prog-
nostic value of ga d o l i n i u m - e n h a n c e d
synovitis for predicting erosions in the
small finger joints of established RA
patients was reported by Jevtic et al. in
1996 (77). Huang et al . using DEMRI
in early RA patients demonstrated that
the severity of synovitis predicted MRI
erosion as well (78). Using the MCP
joints (where the relationship between
synovitis and bone damage is easier to
visualise at the individual joint level) in
40 early RA patients, Conaghan et al.
were able to demonstrate that erosion
progression was proportional to the le-
vel of synovitis in a given joint, and
t h at no erosions occurred in joints

without synovitis (79).
The MRI-visualised link between syn-
ovitis and MRI erosion appears to be
bone oedema. Bone oedema is fre-
quently present in new, untreated RA
but only infrequently seen in normal
controls (80). This finding has recently
been confi rmed with the observat i o n
that RA but not polyarthralgia patients
d e m o n s t rate bone oedema (81). In a
cross-sectional study of 31 early RA
p at i e n t s , bone oedema was almost
exclusively seen in joints with synovitis
(80). In a longitudinal evaluation of a
different cohort of 40 patients, the syn-
ovial thickness was gre ater in those
joints with bone oedema than those
without (79). In the same study bone
oedema was shown to precede subse-
quent MRI erosions in approximately
40% of new erosions. A relationship of
bone oedema to disease duration in the
hand joints of RA patients has been re-
p o rt e d, p ro b ably re flecting the same
process (i.e., persistence or severity of
s y n ovitis causing bone oedema and
consequent erosion) (82). This finding
was confirmed in a longitudinal study
showing that bone oedema in the wrist
is predictive for bone erosions at 12
months (83). It is important to note
that, at the level of bone oedema, bone
damage appears to be reversible (see
Outcomes section below). 

Joint mechanics and architecture
Study of the intra-joint site of erosions
with MRI has also increased under-
standing of the pat h ogenesis of ero-
sions. A case-control study of RA
w rists demonstrated that carpal bone
damage becomes asymmetric over time
with more damage being evident on the
radial, force-bearing side of the wrist
(84). Recently a detailed study of 40
early RA patients demonstrated a pre-
dilection for radial involvement in the
2nd to 4th MCP joints, by scoring the
site of erosions and using DEMRI tech-
niques to ascertain synovitis volumes
adjacent to MCP joint collateral liga-
ments (85). The role of biomechanical
factors in relation to synovitis and ero-
sions is thus becoming clear. MRI also
opens up the possibility of a highly de-
tailed understanding of joint architec-
ture. 

MRI and the diagnosis of RA
Early diagnosis with consequent early
treatment is now the hallmark of RA
m a n agement (86). With the rep o rt e d
sensitivity of MRI in detecting erosions
and synovitis, and the apparent speci-
ficity of bone oedema changes, it fol-
lows that MRI should aid in the early
d i agnosis of RA. In a recent study,
Boutry et al. showed that MRI of the
feet detects as much synovitis,tenosyn-
ovitis and bony changes as MRI of the
hands in early RA (87) and suggested
t h at MRI of the feet may be useful
when evaluation of hands does not help
to identify early RA. However, there
has still been limited wo rk on the
impact of MRI in this area, reflecting
the poor access to MRI, a paucity of
knowledge on the critical number or
sites of joints to image, and the grow-
ing ability of ultrasonography to easily
i m age multiple joints in real time.
Using baseline bilateral total hand con-
t rast-enhanced MRI, S u gimoto et al
followed 50 patients with polyarthral-
gia for over 2 years and evaluated the
ACR diagnostic criteria for RA (88).
Comparing MRI-based criteria with the
ACR criteria, they reported that MRI
had a sensitivity of 96%, specificity of
86% and accuracy of 94%. They then
suggested combining imaging criterion
with the existing classification tree cri-
teria in order to decrease the false-neg-
ative diagnosis of RA. Further evalua-
tion of such criteria will be required.

MRI as an outcome measure in RA
therapy evaluation
The sensitivity of MRI to the key ele-
ments in RA pathology suggests that
the sample size of studies for new ther-
apies and pro o f - o f - c o n c ept could be
smaller. However, as indicated in the
‘Definitions’ section above, there is a
need to address issues of reliability and
sensitivity to change before the wide-
spread adoption of MRI in clinical tri-
als (89). The OMERACT RA-MRI
group has presented and updated defin-
itions on lesions and has been further
i nvo l ved in exe rcises to determ i n e
inter-reader reliability using these defi-
nitions. While this work is ongoing and
iterative, there has generally been ex-
cellent agreement when 1 or 2 readers
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a re employe d, with moderate agre e-
ment in 5-reader studies (90). These re-
liability studies have recently evaluated
longitudinal scoring and demonstrated
i n t ra class corre l ation coefficients and
smallest detectable diffe rence va l u e s
similar to those of standard RA out-
comes (clinical and CR) (91).
With respect to drug outcome studies,
the earliest studies provided proof of
MRI’s ability to measure change in sy-
novial volume after a known effective
therapy, generally corticosteroid injec-
tions (92). The Leeds group has report-
ed 2 studies using DEMRI to assess
response in the knee joint in evaluating
anti-CD4 and in comparing methotrex-
ate and leflunomide treatments; both of
these studies we re perfo rmed in pa-
tients with established RA (93). In
early RA, the Leeds group used semi-
quantitative scoring methods to report
the efficacy over 12 months of metho-
trexate versus methotrexate plus intra-
a rticular cort i c o s t e roids (40 pat i e n t
randomised study (83)), high dose in-
fliximab with methotrexate (5 patient

open study (79)) and methotrexate ver-
sus methotrexate and standard dose in-
fliximab (20 patient randomised trial,
p re l i m i n a ry rep o rt only (94)). Th e s e
studies demonstrate that MRI can, with
ap p ro p ri ate scientific ri go u r, be used
effectively as an outcome measure.

Conclusion
I m aging tech n o l ogy continues to
change and is improving rapidly. New
h a rdwa re, s o f t wa re and falling costs
will change the usefulness and avail-
ability of both US and MRI. Each
modality should be considered comple-
mentary to the other as each has a num-
ber of adva n t ages and disadva n t age s
(Tables II and III). Automated synovitis
estimations and the development of de-
d i c ated ex t remity scanners will im-
p rove MRI’s usefulness to cl i n i c i a n s
and researchers. Well-designed valida-
tion studies are delineating the role for
US in the diagnosis and monitoring of
early RA and its real-time advantages
make it well suited for use in out-pa-
tient settings. The application of new

imaging techniques to the early diagno-
sis and eva l u ation of tre atment re s-
ponse heralds an era where rheumato-
logists will be able to better target and
reduce synovitis and consequently im-
prove RA patient outcomes.
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